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Abstract
Knowledge about the impact of maternal food and micronutrient supplementation on infant micronutrient status is limited.
We examined the effect of maternal food and micronutrient supplementation on infant micronutrient status in the
Maternal and Infant Nutrition Interventions in Matlab Trial. Pregnant women In = 4436) were randomized to Early or Usual
promotion of enrollment in a food supplementation program. In addition, they were randomly allocated to 1 of the
following 3 types of daily micronutrient supplements provided from wk 14 of gestation to 3 mo postpartum: 1) folio acid
and 30 mg iron (Fe30FoI); 2) folic acid and 60 mg iron; or 3) a multiple micronutrient including folic acid and 30 mg iron
(MMS). At 6 mo, infant blood samples In = 1066) were collected and analyzed for hemoglobin and plasma ferritin, zinc,
retinol, vitamin B-12, and folate. The vitamin B-12 concentration differed between the rnicronutrient supplementation
groups (P = 0.049). The prevalence of vitamin B-i 2 deficiency was lower in the MMS group (26.1 %) than in the Fe3OFol
group (36.5%) (P= 0.003). The prevalence of zinc deficiency was lower in the Usual food supplementation group (54.1%)
than in the Early group (60.2%) (P = 0.046). There were no other differential effects according to food or micronutrient
supplementation groups. We conclude that maternal multiple micronutrient supplementation may have a beneficial effect
on vitamin B-12 status in infancy. J. Nutr, 140: 618-624, 2010.

Introduction
Micronutrient deficiency during infancy is a serious public
health problem in low-income countries. Iron, zinc, vitamin A,
and vitamin B-12 are some of the nutrients of concern. Iron
deficiency anemia in infancy has long-lasting negative effects
on neurodevelopment and behavior (1). Zinc deficiency is a
considerable contributor to mortality, burden of disease (2), and
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growth impairment (3). Similarly, vitamin A is crucial for
normal development of immune function and high-dose vitamin
A supplements have a major impact on infectious diseases
mortality (4,5). Deficiency of vitamin B-12 has negative conse-
quences for neurodevelopment (6).

Infant iron, zinc, vitamin A, and vitamin B-12 status is
associated with maternal status of these nutrients. Neonatal
serum ferritin has been related to maternal hemoglobin )Hh) 9 in
most studies (7) and there is some evidence of improved iron
status in response to maternal iron supplementation (8). Zinc

Abbreviations used: CRP, C-reactive protein; Early, promoted to enroll into a
food supplementation program as soon as pregnancy was diagnosed; EBF,
exclusive breast-feeding; Fe30FoI, 30 mg iron and folic acid supplement;
Fe6OFol, 60 mg iron and folic acid supplement; Hb, hemoglobin; ICDDR,B,
International Centre for Diarrhoeal Disease Research, Bangladesh; IDA,
interquartile range; MINIMat, Maternal and Infant Nutrition Interventions in
Matlab; MMS, multiple micronutrient supplement; Usual, not promoted to enroll
into a food supplementation program early in pregnancy VAD, marginal vitamin
A status.
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supplementation during pregnancy increases neonatal cord
blood zinc (9). Maternal vitamin A status is related to concen-
trations of vitamin A in breast milk (10) and maternal vitamin A
supplementation increases infant vitamin A status (11,12).
Maternal vitamin B-12 status is highly associated with vitamin
B-12 status of newborns (13) and with breast milk concentra-
tions of vitamin B-12 (14), whereas the folate content of breast
milk is relatively independent of maternal folate status (15).
Thus, in settings where micronutrient deficiencies are common
in women of childbearing age, infants are at high risk of
developing iron, zinc, vitamin A, and vitamin B-12 deficiency
and could benefit from maternal supplementation of these
nutrients.

Because micronutrient deficiencies often coexist (16,17),
a multiple micronutrient supplement (MMS) for use during
pregnancy and lactation has been developed by UNICEF and
other agencies (18). This particular supplement, containing
30 mg iron, 400 p.g folic acid, and -1 Recommended Daily
Allowance of 13 other micronurrients, has been evaluated in
relation to pregnancy outcomes in the trial Maternal and Infant
Nutrition Interventions in Matlab (MlNlMat; ISRCTNI 6581394)
in Bangladesh and in other countries (19). In the MINIMar trial,
there was no differential effect of multiple micronutrients on
birth weight compared with iron folic acid supplements (per-
sonal communication, L-A. Persson, Department of Women's
and Children's Health, Uppsala University), whereas other
studies reported a beneficial effect of MMS (20-22), From other
studies where similar formulations of MMS were compared with
iron folic acid supplements, improvements in maternal status of
some micronutrients are reported (23), but not of iron (24,25).
We are not aware of any studies of the effect of this particular
maternal MMS on infant micronutrient status. An immediate
question is whether a shift from the prenatal supplement
currently recommended by WHO (60 mg iron and 400 Ag folic
acid) (26) to one with multiple micronutrients would improve
micronutrient status of infants. Of special concern is iron, as this
multiple micronutrient- formulation contains only one-half of the
amount of iron recommended by WHO. Although there is
evidence for interactions between micronutrients in supple-
ments, interactions between food and micronutrient supple-
ments are not well explored. Besides providing micron utrients,
food and food supplements can enhance or inhibit absorption
and utilization of micronutrients from a micronurrient supple-
ment. In this paper, we assessed whether infant micronutrient
status was affected by 3 types of maternal micronutrient
supplement and time of enrollment in a food supplementation
program. The food supplement was provided during pregnancy
and the micronutrient supplementation ended at 3 mo postpar-
tum. We assessed infant micronutrient status at 6 mo, because
this is the time when deficiencies of some nutrients starts to
develop.

Methods
Setting. This study is a follow-up of the MINIMat trial in Matlab, rural
Bangladesh, where a health and demographic surveillance system is
operating. In the study area, community health research workers from
the International Centre for Djarrheal Disease Research, Bangladesh
)ICDDR,B) visit households monthly to collect data. In this region, most
people depend on agriculture, fishing, or day labor. The staple food rice is
eaten with pulses, vegetables, or, when affordable, fish. Breast-feeding is
almost universal during infancy. According to the national policy,
children 9-59 mo should be supplemented with vitamin A. It has been
reported that 13% of mothers in rural Bangladesh receive a vitamin A

dose within 2 mo postpartum (27). The government of Bangladesh aims
to provide all underweight (BMI <18.5 kg/m 2 ) pregnant women with a
food supplement through the National Nutrition Program. They also
recommend that all pregnant women, regardless of nutritional Status,
take a daily supplement of 60 mg iron and 400 p.g folic acid.

Participants and protocol. The study was a community-based trial
with individual randomization to be promoted to early enrollment into
a food supplementation program (Early) or to receive no such promo-
tion (Usual). In addition, women were allocated to I of 3 types of
micronutrient supplements in a 2 by 3 design. A computerized tracking
system assigned women to I of the 6 groups in blocks of 12. The 3 types
of daily micronhitrient supplement capsules were: l) 30 mg iron
)fumarate) + 400 zg folic acid (Fe30Fol); 2) 60 mg iron )fumarate) +
400 zg folic acid (Fe60Fol); and 3) 30 mg iron (fumarate), 400 jAg folic
acid, 800 g RE vitamin A (retinyl acetate), 5 eg vitamin D (cholecal-
ciferol), 10 mg vitamin E )-tocopherol acetate), 70 mg vitamin C,
1.4 mg thiamine (mononitrate), 1.4 mg riboflavin, 18 mg niacin, 1.9 mg
vitamin B-6 (pyridoxine hydrochloride), 2.6 Ag vitamin B-12 (cyanoco.
halamin), 15 mg zinc (sulfate), 2 mg copper (sulfate), 65 pg selenium
(sodium sclenite), and 150 ig iodine (potassium iodide) (MMS). To
ensure blinding, the capsules were identical in appearance. Enrolled
women visited a subcenter clinic at ... 14 wk of gestation and had a blood
sample taken and analyzed for Hb concentration by HemoCue. Women
with Hb <80 g/L were excluded from the study and referred to Matiab
hospital. All other women were supplied with micronutrient capsules
monthly by field research assistants up to 3 mo after delivery.

The food supplement was available at community nutrition centers
6 dlwk as part of the National Nutrition Program. The supplement
consisted of roasted rice powder, roasted pulse powder, molasses, and
soybean oil and had a total energy content of 2500 kJ. The study team
encouraged women who had been randomized to the Early group to start
attending the food supplementation program immediatel y after confir-
mation of pregnancy. The community nutrition centers were notified
about which women were pregnant and should be enrolled in the
program. Women who were randomized to the Usual group did not
receive this promotion and started taking the food supplement at the
time of their own choosing.

We recruited and randomized 4436 pregnant women to the food and
micronutrient supplementation interventions between November 2001
and October 2003. ICDDR,B staff informed eligible women about the
study and those who wanted to participate gave their written consent.
The ethical review committee of ICDDR,B, Dhaka, Bangladesh ap-
proved the study.

Data collection. Trained interviewers used structured, pilot-tested
questionnaires to collect socioeconomic and demographic information at
baseline. As a measure of socioeconomic status, the MINIMat ream
constructed a wealth index based on household assets (28). We used data
from an electronic drug event monitoring system (eDEM) to measure
compliance to micronutrient supplementation. All bottles with capsules
were equipped with a microprocessor that recorded every opening of the
cap. Food supplement intake was assessed by monthly recall up to wk 34
of pregnancy.

Interviewers visited all women monthl y during pregnancy. Infants
weighing >1000 g within 72 h of birth were followed-up every month to
6 mo after delivery. At 6 mo postpartum, all women were encouraged to
go to an ICDDR,B-operated health center where paramedics took
venous blood samples from the infants. Plasma samples from 1066
infants were stored in Matlab at —70°C and shipped to the laboratory at
University of California, Davis for analyses. Hb was measured by
HemoCue at the time of sampling. Because the equipment for Hb testing
was not in place, assessment of Hb was delayed until December 2003
(first blood sample taken in May 2003), resulting in 796 analyzed
samples.

Assessment of micronutrient status. Plasma ferritin was analyzed by
RIA (Diagnostic Products) and the detection level was set to 0.1 tg/L.
Elevated plasma C-reactive protein (CRP) (>10 mg/L) was detected by
radial immunodiffusion (The Binding Site). Plasma zinc concentration
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was analyzed by flame atomic absorption spectroscopy (29). Plasma
retinol was determined by isocratic reverse-phase HI'LC and UV
detection (30). Plasma vitamin B-12 and folate were quantified simul-
taneously with a SimuITRAC-SNB RIA kit (MP Biomedicals) through
the principle of competitive protein binding. We defined anemia as Hb
<105 gIL and iron deficiency as plasma ferritin <9 cgIL (31), but
analyses were also performed with Hb <110 g/L and plasma ferritin
<12 eg/L (26). Plasma zinc <9.9 MmolIL was categorized as zinc
deficiency (32) and a plasma retinol concentration <0.70 cmol/L was
regarded as indicative of marginal vitamin A status (VAD) (33). To define
vitamin B-12 deficiency and folate deficiency, we applied the commonly
used cutoff values of plasma vitamin B-12 <150 pmol/L and plasma
folate <6.8 nmol/L.

Statistical methods, We used Pearson chi -square tests, ANOVA, and
Kruskall-Wallis tests to evaluate differences in maternal and infant
characteristics by supplementation groups. Potential interactions be-
tween food and micronutrient supplementation were evaluated by
including an interaction term in general linear models. To examine the
differential effects of Fe30Fol, Fe60Fol, and MMS on infant micro-
nutrient status, we used 1-way ANOVA with Bonferroni post hoc tests.
Because plasma ferritin and vitamin B-12 were not normally distributed,
differences between supplementation groups were evaluated after log
transformation of these variables. Plasma ferritin values <1 jzg/L were

set to I .tg/L before log transformation. We used ANCOVA to ad j ust for
elevated CRP. Differences in prevalence of deficiency were assessed with
Pearson chi-square tests. To assess the risk for deficiency, we conducted
preplanned logistic regressions, adjusting for elevated CRP where
appropriate. We stratified analyses for infant gender. Data in the text
are means ± SD or median [interquartile range (IQR)]. Statistical tests
were evaluated with a probability test of P <0.1 for interactions and P <

0.05 for main effects. We used SPSS (version 14.0) for all statistical
analyses.

Results

Of the 4436 women enrolled in the study, 3267 gave birth to a
singleton infant whose weight was measured at birth (Supple-
mental Fig. 1). This led to the invitation of the infant to
participate in the follow-up and 2756 infants were followed to
6 mo. At that time, many of the women did not accept the
invitation to come to the clinic for blood sampling of their
infants and others refused blood sampling at the clinic, resulting
in blood collected from 1066 infants (study sample). The
numbers of the different micronutrient analyses are lower due to
laboratory losses and exclusion of implausible values (0-2/
micronutrient). In the study sample, baseline characteristics of
women and infants were similar across micronutrient supple-
mentation groups (Table 1).

In the study sample, exclusive breast-feeding (EBF) for ^4 mo
was more common (52%) than for those infants not included in
the sample (36%) (P < 0,001). Other characteristics did not
differ between infants with or without a blood sample. Women
in our sample had lower education (P = 0.030), lower parity (P =
0.001), and were slightly older at enrollment (26.3 ± 6.2) than
women whose infants were not included in the study sample
(25.6 ± 5.9) (P = 0.001). Women in the sample had lower Hb at
wk 14 (116 ± 12g/L(than those not in the sample (117 ± 13g/L)
(P 0.022). Other maternal characteristics such as BMI and
socioeconomic status did not differ between our sample and other
women enrolled in MINIMat.

Intakes of food supplement and micronutrient capsules did
not differ between micronutrient supplementation groups (Table
1). Participants in the Early food supplementation group started
attending the community nutrition centers in the first trimester
and women in the Usual group commonly started in the second

trimester. Women in the Early group reported having consumed
more food packages from wk 8 to wk 34 [105 (67-129)] than
participants in the Usual group [66 (32-87)] (P < 0.001).

Among infants in this population, zinc deficiency (57% (601/
1050)] was the most common micronutrient deficiency followed
by anemia [47% (374/796)] and vitamin B-12 deficiency [31%
(323/1033)]. Deficiencies of vitamin A [23% (237/1026)] and
iron [21% (217/1058)] were also prevalent, whereas folate
deficiency was uncommon [1% (10/1031)]. We found no inter-
action between type of micronutrient supplement and food
supplement group on the concentration of any micronutrient.
Thus, the effects of food and micronutrient interventions were
evaluated independently.

The plasma vitamin B-12 concentration differed among the
supplementation groups (P = 0.049) and tended to be higher in
the MMS group than in the Fe60Fol group (P = 0.054) (Table 2).

Similarly, there were differences in prevalence of vitamin B-12
deficiency between micronutrient groups, with a lower preva-
lence in the MMS group than in the Fe30Fol group (P = 0.003)

(Table 3). However, the risk of vitamin B-12 deficiency did not
differ between the micronutrient supplementation groups (Table
4). Analyses stratified by gender indicated that differences
between the micronutrient supplementation groups in preva-
lence of vitamin B-12 deficiency were due to an effect in girls
only. Among girls, 43% (73/171) were deficient in the Fe30Fo1
group and 30% (52/175) in the MMS group (P = 0.031),
whereas there was no differential effect of type of supplements
on prevalence of vitamin B-12 deficiency in boys. Although not
significant, adjusted analyses indicated that MMS tended to be
associated with higher plasma ferritin (P = 0.06; Table 2) and
reduced risk of VAD (P = 0.09; Table 4).

Concentrations of Hb and ferritin, zinc, retinol, or folate in
plasma did not differ across micronutrient supplementation
groups in the total sample (Table 2) or when the data were
stratified by infant gender. The prevalence (Table 3) or risk
(Table 4) of anemia and deficiency of iron, zinc, vitamin A, and
folate in infancy did not differ among micronutrient supple-
mentation groups in the total sample or in either gender strata.
These results remained the same when we used the WHO cutoffs
of Hb <110 g/L and plasma ferritin <12 /Lg/L (26) to define
anemia and iron deficiency.

The prevalence of zinc deficiency in the Early food supple-
mentation group [60% (324/538)] was higher than in the Usual
group [54% (277/512)] (P = 0.046). This finding was supported
by an increased risk of zinc deficiency in the Early group,
although it did not reach significance [OR = 1.28 (95% CI: 1.0,
1.6) (P = 0.051). Randomization to Early introduction of food
supplementation did not result in any other differential effects
on infant micronutrient status.

Discussion

Anemia and deficiencies of zinc and vitamin B-12 were high in
infants in this population. In our analyses of maternal micro-
nutrient supplementation and infant micronutrient status,
MMS was associated with improved vitamin B-12 status. Zinc
deficiency was more common in infants whose mothers were
randomized to the Early food supplementation group than in
infants whose mothers were in the Usual food group. No other
differential effects between maternal food or micronutrient

supplementation groups were found. For infant micronutrient
status, maternal supplementation with 30 mg iron and folic acid
did not differ from supplementation with 60 mg iron and folic
acid.
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Fe6OFol

it	 it

202	 105 (97-112)	 212

340	 21.5 (97-41.9)	 360
337	 9.6 18.2-11.0)	 357
331	 0.84 (0.70-1.04)	 349
329	 197 (126-322)	 353

328	 304 (22.4-38.8)	 350

MMS	 P-value

105 (98-113)	 0.55
24.1 112.3-47.41	 0 Q3

9.5 (81-10.8) 	 0,493

0.89 (0.74-1.09) 	 0.18

221 (145-3241	 0054

31.2 (22.1-31 1)	 0 64

TABLE 1 Maternal and infant characteristics by type of maternal micronutrient supplement'

Fe3OFoI
	

Fe6OFol
	

MMS

11

Randomized to [ally food supplementation, it

Maternal age, '
Maternal BMI, 2 k91rn2

Maternal Hb, 3 g/L

Maternal education, p (%)

No education

a5 y

2:5 y

Parity,' it

0
1-2

Micronutrient supplement intake5

Food supplement intake6

Mule infant, it

Birth weight, g
Low birth weight (<2500 g). it (%)

EBE duration ^:4 mo, it (%)

Elevated CRP at 6 mo, it (%)

361

191 (52.9)

26.4 ± 6.0

20.2	 2.6
116 ± 12

110 130.5)
87(24.1)

164 (45.4)

104 (28.8)
193 (53.5)
64(17.71
88 (58--105)
84(55-112)

184 (51.0)

2693 ± 424

120 (33.2)

185 151,2)

44)123)

342

161)47.1)

26.3 ± 6.1
20.1 w 2.7
115 ± 13

107 (31.3)
85 (24.9)

150 43.9)

108 (31.7)

163 (47.8)

70 20.5)
87(56-107)

79(44-106)

184 153.81
2690 ± 400

97 (28.4)
181 (529)
46 13.5)

363
194 53.4)

26.3 ± 6.4
20.2 ± 26
116 ± 13

121 (33.3)
85 (23.4)

157 (43.3)

123 (31.5)
158)46.3)

72 (19.3)
76(52-103)

85(46-114)

183 (50.4)

2708 w 385
99)27.3)

185 (51.0)
56(15.6)

Values are n %l, mean	 SD, or median liORl. Variables did not differ between supplementation groups
2 n = 360 (re30Fol).

= 333 (Fe30Fol), 316 lFe60 Foil, and 339 IMMSI.
n = 341 (Fe60Fol).
eDEM count, wk 14-30, p = 317 lFe30Foll, 308 lFe60 Foil, and 324 MMS).
Recall of food packages consumed wk 14-34, n 360 (Fe30Fol), 341 (Fe60 Foil, and 362 IMMSI.

Maternal supplementation with MMS could have influenced
infant vitamin B-12 status both through increased infant
prenatal stores of the vitamin (13) and through increased
concentrations of vitamin 13-12 in breast milk (14). Because the
supplements were given during pregnancy and continued to
3 mo postpartum, we cannot distinguish between pre- and
postnatal effects. In our study, the effect on infant vitamin B-12
status appeared not to he due to improved maternal B-12 status,
as there were no differential effects of the supplements on
maternal vitamin B-12 status (34). The impact of maternal
vitamin B-12 supplementation on infant vitamin B-12 status has
been reported previously (35). The dose of vitamin B-12 in the
MMS group might have been too low to reduce the risk for
vitamin 13-1 2 deficiency or a potential effect was gone at the time
of assessment of infant vitamin B- 12 status. The effect size of our
finding is small and does not indicate that infant vitamin B-12

status would be improved by administering MMS instead of
the currentl y recommended Fe60Fol, because the MMS and
Fe60Fol groups (lid not differ. We are not aware of any
biological mechanism for our finding that the lower prevalence
of vitamin B-12 deficiency in the MMS group was present in
the strata in girls only. However, sex differences in response
to supplementation of several nutrients has been described
previously (36).

We did not observe a differential effect of type of micro-
nutrient supplementation on infant vitamin A status, although
previous studies indicate an effect of maternal vitamin A
supplementation on infant vitamin A status (10,12). Although
not significant, the risk of VAD was about 30% lower in the
MMS group than in the iron and folic acid groups (P = 0.09;
Table 4). One likely explanation for the lack of effect is that the
dose of vitamin A in the MMS may have been too low to affect

TABLE 2 Blood Hb and plasma micronutrient concentrations of infants by type of maternal
micronutrient supplement'

Fe3OFol

p

Rb, g/L	 202	 106 198-1131

Ferritin, 2 A 91	 356	 21.3 10,4-40.51
Zinc, p,rno//L	 355	 9.6 (8.1-10.8)
Retinol, j.srnol/L	 341	 0.88 (0.70-1.06)
Vitamin B-12, 2 pmo//L	 351	 190 (123-305)
Folate, mo//I	 353	 30.0 122137.9(

1 Values are median (IQR).
2 Analyses with log-transformed variables.

Adjusted for elevated CRP with ANcOVA.
Unadjusted analyses with 1-way ANOVA.
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TABLE 3 Prevalence of micronutrient deficiencies in infants at
6 mo by type of maternal micronutrient supplement

Fe30Fol	 Fe6DFol	 MMS	 P-value1

n (%)
Anemia 	 114 (44.0)	 131 49.6)	 129 (47.3)	 0.43

Iron deficiency3	80 (22.4)	 75122.01	 62(17.2)	 0.19

Zinc deficiency	 207 (58.1)	 189 156.11	 205 (57.4)	 0.86

VAD	 86 (25.0)	 81 24.51	 10 (19.9)	 0.22

Vitamin B-12 deficiency 	 128 (36.5)	 103 (31.3)	 92(26.1)	 0.01

Folate deficiency 	 511.41	 4 1.2)	 1(0.31	 0.27

1 Differences assessed with chi-square tests.
2 Hb <105 g/L, n = 796

Plasma ferritin <9 ug/L.

infant vitamin A status. It is also possible that an increase in
breast milk retinol concentrations in women supplemented with
MMS led to improvements in infant vitamin A status early in
infancy but did not last to be detected at 6 mo.

Despite the difference in iron content between the micro-
nutrient supplements Fe60Fol and Fe30Fol and MMS, we did
not find a significant differential effect in infant iron status
between micronutrient supplements. A small effect was indi-
cated favoring MMS. An effect of MMS is plausible due to
improved maternal iron uptake and utilization of iron from
.MMS due to its content of vitamin C and A. Maternal iron
supplementation is likely to affect infant iron status through
increased iron stores at birth, because iron concentration of
breast milk is not affected by maternal iron status. Infant iron
status did not differ between infants whose mothers received
30 mg iron and chose whose mothers received the currently
recommended dose of 60 mg iron. This suggests that even in a
setting where iron-fortified foods for infants are uncommon,
supplementing mothers with a lower dose of iron would not
cause poorer infant iron status. Anemia rates are much higher
than iron deficiency rates in this population and causes of infant
anemia other than iron deficiency should be investigated.

The lack of impact of prenatal zinc supplementation
compared with iron and folic acid supplementation on infant
zinc status has been noted before (37). One explanation may be
the insensitivity of plasma zinc as an indicator of zinc deficiency.
However, the fluctuation in plasma zinc is likely to cause a
random error, similar across supplementation groups. The
amount of zinc in the maternal supplement may not have been
sufficient to prevent zinc deficiency of women in our study,

TABLE 4 Risk for deficiency in infants at 6 mo by type of
maternal micronutrient supplement'

Fe60Fol 2 vs. Fe3OFol	 Fe60Fa12 vs. MMS

OR (95%Cl(	 P-value	 OR (95%Cl(	 P-value

Anemia 	 0.86 (0.58, 1.31	 0.4840.98 (0.67, 1.0	 0.94
Iron deficiency5	1.0 10.72, 1.5)4	0.87 4 0.76 (0.52, 1.1)4	 0.15'
Zinc deficiency	 1.1 (0.81,	 0.53	 1.0 (0.77, 1.41	 0.77
VAD	 1.1 10.73, 15)	 0,794	 032 (0.49, 1 014	 D.094
Vitamin 8-12 deficiency	 1.3(0.92, 1.7)	 0.16	 0.77 (0.55. 1.11	 0.13
Folate deficiency	 1.2 10.31, 4.41	 0.82	 0.23 (0.03. 2.1)	 0,19

1 Binary logistic regression, unadjusted unless indicated.
2 Reference group.

Hb <105 gIL.
Ad j usted for elevated CRP.
Plasma ferritin <9 j.rgIL.

because zinc status did not differ between micronutrient sup-
plementation groups (34). At 6 mo, feeding practices, morbidity,
and growth are important determinants of infant micronutrient
status, including zinc. Almost all infants in our study were
breast-fed and a longer duration of EBF was associated with
higher zinc concentrations (38). Birth weight did not differ
between the micronutrient supplementation groups in our study.
However, because higher weight and larger body size in infants
born to women supplemented with MMS compared with iron
folic acid has been observed elsewhere (39), it is possible that the
MMS supplement increased postnatal growth at the expense of
infant zinc status.

It was unexpected that randomization to promotion of early
enrollment into a food supplementation program was associated
with a higher prevalence of zinc deficiency than no promotion of
early enrollment. This should not he interpreted as a caution for
providing access to food supplementation early in pregnancy.
The effect of maternal food supplementation on infant nutri-
tional status should he evaluated using several indicators and
zinc status alone may not be a suitable indicator. It is possible
that early enrollment in the food supplementation program
increased infant growth and thereby the requirements for zinc.
Another potential mechanism is that the food supplement that
was low in micronutrlents (40) replaced other foods, resulting in
lower total maternal zinc intake. Because the effect size was
small, our finding probably has limited implications for food
supplementation programs.

The strengths of this study were the randomized design and
large sample size that rendered power enough to detect even
small differential effects of the different types of supplements
on infant micronutrient status. We calculated the differences in
infant micronutrient status that we could detect with the
smallest sample size in any supplementation group (n = 202).
Using this sample size, 80% power, and 95% probability, we
were able to detect a difference of 0.3 SD between supplemen-
tation groups. We judge that a smaller difference than 0.3 SD is
of limited public health importance and we do not consider
limited sample size as a plausible reason for nonsignificant
results. In the presence of infection and inflammation in adults,
plasma ferritin is elevated as part of the acute phase response,
whereas concentrations of plasma zinc and plasma retmul are
reduced. We used elevated CRP to adjust for changes in
hiomarkers as a result of infections. The MINIMat study had
high follow-up rates, but many women refused blood sampling
of the child. The small differences in characteristics between
women who allowed blood sampling of the child and those who
refused may have a limited impact on external validity. The
results represent what can he expected in this population with its
specific characteristics.

Despite prenatal food supplementation and maternal micro-
nutrient supplementation to 3 mo postpartum, infant micro-
nutrient deficiencies at 6 mo were prevalent in this population.
Use of maternal MMS may lead to a small reduction in vitamin
B-12 deficiency. This effect may be important, because vitamin
B-12 deficiency is prevalent in this population. For the other 2
most common micronutrient-related problems, zinc deficiency
and anemia, there was no differential effect of the micronutrient
supplements. We conclude that maternal MMS during preg-
nancy and to 3 mo postpartum does not solve the problem of the
high prevalence of nlicronutrient deficiency in 6-mo-old infants.
Other measures to improve infant Hh and status of zinc, vitamin
B-12, iron, and vitamin A in this population are needed.
Although we did not see a large differential impact of the
supplements, the different nutritional interventions in the
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MINtMat trial have been related to outcomes such as reduced
infant mortality (personal communication, L-A. Persson, De-
partment of Women's and Children's Health, Uppsala Uni-
versity), slightly improved cognitive development (41), and
associations with maternal-infant feeding interactions (42).
Whether infant micronutrient status leads to these functional
outcomes requires further analyses.

Acknowledgments
We thank Alma Wettstcin for performing the plasma rerinol
analyses. Authors responsibilities were as follows: S.A., L-A.P.,
and E-C.E. designed research; B.L., M.B.H., and C.B.S. were
responsible for biomarker analyses; H.E. analyzed data with
contribution from E-C.E.; H.E. and E-C.E. were responsible for
final analyses; and H.E. wrote the paper. All authors read,
commented on, and approved the final manuscript.

Literature Cited
1. Beard I . Recent evidence troni human and animal studies regarding iron

status and infant development. j Nutr. 2007; I 37:S524-30.
2. Fischer Walker CL, Ezzari M, Black RE. Global and regional child

mortality and burden of disease attributable to zinc deficiency. For J
Cliii Nutt. 2009:63:591-7.

.3. Brown KH, Peerson jM, Rivera j, Allen LH. Effect of supplemental zinc
on the growth and serum zinc concentrations of prepubertal children: a
nieta-analysis of randomized controlled trials. Amj Cliii Nutr. 2002;
75:11)62-71.

4. Fawzi WW, Chalmers IC;, Herrera MG, Mosteller F. Vitamin A
supplementation and child mortalit y. A meta -analysis. JAMA. 1993;269:
89)1-903.

5. Glasziou PP, Mackerras DE. Vitamin A supplementation in infectious
diseases: a meta-analysis. BMJ. 1993;306:366-70.

6. Dror DK, Allen I.H. Effect of vitamin B12 deficiency on neuro-
development in infants: current knowledge and possible mechanisms.
Note Rev. 2008;66:250-5.

7. Allen LH. Anemia and iron deficiency: effects on pregnancy outcome.
Anti Clin Nutt. 2000;71:S1280-4.

8. Preziosi P, Prual A, Galan P, Daouda I-I, Boureima H, I lercberg S. Effect
of iron supplementation on the iron status of pregnant women:
consequences for newborns. Ant j Cliii Nutt. 1997;66:1178-82.

9. Caulfield LE, Zavalera N, Figueroa A. Adding zinc to prenatal iron and
folare supplements improves maternal and neonatal zinc status in a
Peruvian population. Am F Cliii Nutr. 1999;69:1257-63.

10.Underwood BA. Maternal vitamin A status and its importance in
infancy and early childhood. Am j (In Nutr. 1994;59:S517-22;
discussion S22-4.

11. Stoltzfus Rj, Hakirni M, Miller K\V, Rasmussen KM, Dawiesah S,
Hahicht P, Dible y MJ. High dose vitamin A supplementation of breast-
feeding Indonesian mothers: effects on the vitamin A status of mother
and infant. J Nutt. 1993;123:666-75.

12.Katz J, West KP Jr. Khatry SK, Pradhan BK, 1.eClerq SC, Christian P,
Wu LS, Adhikari RK, Shrestha SR, et al. Maternal low-dose vitamin A
or beta-carotene supplementation has no effect on fetal loss and early
infant mortality: a randomized cluster trial in Nepal. Am J Clin Nutt.
2000;71:1570-6.

13. Bjorke Monsen AL, Ueland PM, Vollset SE, Guttormsen AB, Markestad
T Solheim E, Refsum H. Determinants of cobalamin status in
newborns. Pediatrics. 2001:108:624-30.

14.Specker BL, Black A, Allen L, Morrow F. Vitamin B-12: low milk
concentrations are related to low serum concentrations in vegetarian
women and to methylmalonic aciduria in their infants. Am J C;lin Nutr.
1990;52:1073-6.

15. Hay G, Johnston C, Whitelaw A, Trygg K, Retsum H. Folate and
cohalamnm status in relation to hreastfeeding and weaning in healthy
infants. Am J Clin Nutt. 2008;88:105-14.

16.Dijkhuizen MA, Wieringa FT, West CE, Muherdiyantmningsih, Muhilal.
Concurrent micronutrient deficiencies in lactating mothers and their
infants in Indonesia. Am J Cliii Nutt. 2001;73:786-9 I.

17.Jiang T, Christian F, Khatry SK, Wu L, West KP Jr. Micronutrient
deficiencies in early pregnancy are common, concurrent, and vary by
season among rural Nepali pregnant women. J Nutt. 2005;135:
1106-12.

18. United Nations Children's Fund, United Nations Universit y, WHO.
Composition of a multi-micronutrient supplement to he used in pilot
programmes among pregnant women in developing countries. Report of
a UNICEF. WHO and UNU workshop. New York: UNICEF; 1999.

19.United Nations Children's Fund, WHO, United Nations University
Multiple micronutrient supplementation during pregnancy )MMSDP):
efficacy trials. London: Centre for International Child Health, Institute
of Child Health, University College of London; 2002.

20. Osrm D, Vaidya A, Shrestha Y, Bani ya RB, Manandhar DS, Adhikari
RK, Filteau S, Tomkins A, Costello AM. Effects of antenatal multiple
micronutrient supplementation on hi rthweight and gestational duration
in Nepal: double-blind, randomised controlled trial. lancet. 2005;365:
955-62.

21. Kaestel P, Michaelsen KF, Aaby P. Friis H. Effects of prenatal
multimicronutrient supplements on birth weight and perinatal mortal-
ity: a randomised, controlled trial in Guinea-Bissau. EurJ Clin Nutt.
2005;59:1081-9.

22. Roberfroid 1), lIuybregts L. Laoou H, Henry MC, Meda N, Menten J,
Kolsteren P. Effects of maternal multiple micronutrient supplementation
on fetal growth: a double-blind randomized controlled trial in rural
Burkina Faso. Am J (,]in Nutt. 2008;88:1330-40.

23. Christian P, Jiang I Khatr y SK, LeClerq SC, Shrestha SR, West KP Jr.
Antenatal supplementation with niicronutrients arid biochemical indi-
cators of status and subclinical infection in rural Nepal. Am .1 Clin Nutr.
1006;83:788-94.

24. Christian F, Shrestha J, LcClrrq SC, Khatrv SK, Jiang T, Wagner 1, Katz
J, West KP Jr. Supplementation with micronutrients in addition to iron
and folic acid does not further improve the hematologic status of
pregnant women in rural Nepal. .1 Nuer. 2003:133:3492-8.

25. Ramakrishnan U, Neufeld LM, Gonzalez-Cossio I Villalpando 5,
Garcia-Guerra A, Rivera J. Martorell R. Multiple micronutrient
supplements during pregnancy do not reduce anemia or improve iron
status compared to iron-onl y supplements in Semirural Mexico. J Nutt.
2004;134:898-903.

26. WHO. iron deficiency anemia assessment, prevention, and control: a
guide for programme managers. Geneva: WHO; 2001.

27. National Institute of Population Research and Training. Bangladesh
demographic and health survey 2004. Dhaka (Bangladesh): Mitra and
Associates; 2005.

28. Gwatkin U, Rutstein S, Johnson K, Pande R, Wagstaff A. Socio-
economic differences in health, nutrition, and population in Bangladesh.
Washington, DC: HNP/Povert y Thematic Group of the World Bank;
2000.

29 Clegg M, Keen C, LOnnerdal B. Hurley L. Influence of ashing techniques
till the analysis of trace elements in animal tissue. Biol Trace Elemu Res.
198 1;3:107-15.

30 Dc Leenheer AP, De Bevere VO, Dc Ruvter MG, Clae ys AF. Simulta-
neous determination of retinol and alpha-tocopherol in human serum by
high-performance liquid chromatography. J Chromnatogr. 1979; 162:
408-1.3.

31. Di,mellOf M, Dewe y KG, Lonnerdal B, Cohen RJ, Hernell 0. The
diagnostic criteria for iron deficienc y in infants should lie reevaluated.
J Nutt. 2002;132:36$0-6.

32. Hotz C. Peerson JM, Browmm KH. Suggested lower cutoffs of serum zinc
concentrations for assessing zinc status, reanalysis of the second
National Health and Nutrition Examination Survey data (1976-
1980). Am J Clin Nutt. 2003;78:756-64.

33. WHO. Indicators for assessing vitamin A deficiency and their applica-
tion in monitoring and evaluating intervention programmes. Geneva:
WHO; 1996.

34. Ekstrom E-C, Persson L, I ,oisncrdal B, el Arifeen S. No differential
impact on anemia or iron, zinc, folate and B12 deficiency by use of
multiple micronutrients iii pregnant Bangladeshi women (MINIMat
trial). Abstract Ann Nutr Metab. 2009:55 Suppl 1:284-307.

35. Baylmn A, Villamor F, Rifam N, Msamanga G, Fawzi WW. Effect of
vitamin supplementatioti to HIV-infected pregnant women on the
mmcronutrment status of their infants. Eur J Cliii Note. 2005;59:960-8.

36. Berm CS, Lund 5, Fisker A, Jorgensen MJ, Aahy P. Should infant girls
receive tliicronutrient supplements? lot j Epidemiol. 2009;38:586-90.

Maternal supplements and infant micronutrients 623



37 Dijkhuizen MA, Wieringa PT, West CE, Muhilal. Zinc plus beta-
carotene supplementation of pregnant women is superior to beta-
carotene supplementation alone in improving vitamin A status in both
mothers and infants. Am J Gun Nutr. 2004;80:1299-307.

38. Eneroth I-I, El Atifeen S, Persson LA, Kabir 1, Lonnerdal B,
Hussain MB, Fkström EC. Duration of exclusive breast-feeding and
infant iron and zinc status in rural Bangladesh. j Nutt. 2009;139:
1562-7.

39. Vaidya A, Saville N, Shrestha BP, Costello AM, Manandhar DS,
Osrin D. Effects of antenatal multiple micronutrient supplementa-
tion on children's weight and size at 2 years of age in Nepal: follow-up
of a double-blind randomised controlled trial. Lancer. 2008;371:
492-9.

40. Karim R, Desplats G, Schaetzel T, Herforth A, Ahmed F, Salamatullab
Q, Shahjahan M, Akhtaruzzaman M, Levinson J. Seeking optimal
means to address micronhitrient deficiencies in food supplements: a case
Study from the Bangladesh Integrated Nutrition Project. J Health Popul
Nutt. 2005;23:369-76,

41. Tofail F, Persson LA, El Arifeen 5, Hamadani JD, Mebrin F, Ridout D,
Ekstrom EC, Huda SN, Grantham-McGregor SM. Effects of prenatal
food and micronutrient supplementation on infant development: a
randomized trial from the Maternal and Infant Nutrition Interventions,
Matlab (MINIMat) study. Am J Clin Nutr. 2008;87:704-11.

42. Frith AL, Naved RT, Ekstrom EC, Rasmussen KM, Frongillo EA.
Micronutricnr supplementation affects maternal-infant feeding interactions
and maternal distress in Bangladesh. Am J Clin Nutr. 2009;90:141-8.

624 Eneroth et al.


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7

